so, whether all cases fit autosomal recessive inheritance. A search was made for evidence of genetic heterogeneity and of the existence of phenocopies.
Materials and Methods
The 91 children used in the present study were selected from patients seen at the Hospital for Sick Children, Toronto, Canada, during the period 1950-1967. Atypical or inconclusive cases were omitted. Three cases not seen at the Hospital were included, on the basis of the hospital records of their affected sibs. Information about the patients and their families was obtained from the hospital records (including the records of the Genetics Department) and was supplemented by personal interview (20 families), questionnaire (20 families), and a direct inquiry to referring physicians. For certain control data, the Ontario reports on Vital Statistics for 1955-1965 were employed.
Results
Frequency and prevalence. To estimate the population frequency of SMA, a 14-county area surrounding the city of Toronto was used. Ascertainment of this area should be virtually complete, whereas patients living outside this area might be referred to other paediatric centres. Table I shows the population and live birth estimates, and (Hogben, 1946) . (Becker, 1963) , the sibships were divided into two categories on the basis of survival, ie, into two groups, one having an affected individual who lived for less than 2 years and a group having an affected individual who survived for more than 5 Sex and clinical severity. Families have been described in which males had a much more severe disease than their female sibs, while among affected females the severity was fairly uniform (Dubowitz, 1964; Tsukagoshi et al, 1966; Schmid, 1958) . In the present study, there were 7 sibships in which a male and a female were affected. In 4 of these, onset of SMA was before the age of 6 months and death occurred in less than a year in both the male and female. In the other 3 families, all the affected children survived more than 5 years, and there was no evidence to suggest that the males were more severely affected. In the pair with the longest 2-J.M.G. survival, the male lived for 11 years and the female for 9.
Onset age and clinical severity. Though the exact onset age of a progressive disease with insidious onset is impossible to determine, an estimate to the nearest month was obtained from the parents. The onset age distribution is shown in the Figure. The classification 'one month' includes children with symptoms present at birth as well as those recognized up to the end ofthe first postnatal month.
If the infantile and juvenile forms of SMA are separate entities with characteristic onset ages, bimodality of onset age might be apparent. The onset age distribution shown in the Figure Variability of expression. Variability in age at onset of syptoms, interval between onset and death, and age at death were examined by analysis of variance in 13 families having 2 affected sibs each, including 8 families in which both affected sibs were deceased (Table VII) . At the 5% level of significance, there is more variation in onset age between families than within families. The similarity of onset age in sibs may be interpreted either as a consequence of their genetic similarity, ie their possession in common of similar background genes against which the SMA gene manifests itself, or, alternatively, to the possession in common of the same particular gene for the disease, if SMA is genetically heterogeneous. It was not possible to decide between these alternative explanations, as no kindreds were found in which there were 2 or more affected sibships. The age at death and the interval between onset and death showed no significant differences between and within sibships. 166-91 F = 3 go = 4-58, df (52, 12), p < 0-01. [36] [37] [38] [39] [40] Assuming that all cases in sibships having more than one affected child are genetic, this observation may indicate that the sporadic cases are not homogeneous, some of them perhaps being phenocopies. The proportion of possible phenocopies with very different onset should be low in view of the evidence for autosomal recessive inheritance.
Ethnic origin. Since many of the families studied were recent immigrants to Canada, the possibility of ethnic differences in the expression of the disease could be explored. A total of 59 sibships was tested for birth order effect by the method of Haldane and Smith (1947) , which is based on the assumption that if there is no relation between birth order and expression of the trait under study, then every possible sequence of normal and affected sibs is equally likely. All onechild sibships were omitted from consideration. Analysis indicated that later-born sibs were significantly more likely to be affected (p < 0 01).
One possible explanation of this observation is that the data are biased by limitation of family size after the birth of an affected child. If a woman terminates reproduction after having borne an affected child, then in sibships of two or more there would be a greater number of sibships having normal children followed by affected children than sibships with the reverse sequence. Though the sample shows that not every woman ceases childbearing after the birth of an affected child, family limitation may occur often enough to produce the observed birth order effect.
Parental age. In a normal population, increasing parental age accompanies increasing birth rank. In the present study, the average ages of the mothers and fathers of the affected children were compared with the corresponding parental ages for (Armstrong, Fogelson, and Silberberg, 1966; Tsukagoshi et al, 1966; Zellweger et al, 1969) , it must be rare, since no examples were found in the present series. The segregation proportion of the families did not differ significantly from expectation on the basis of autosomal recessive inheritance of a rare gene. No sex differences were found either in the number of affected children or in severity of the disease. Family histories revealed no evidence for affected relatives outside the sibships of the probands. None of the 76 sibships had consanguineous parents. Thus, most cases of spinal muscular atrophy appear to be caused by an autosomal recessive gene, but the possibility of other causes cannot be excluded in our data.
The age at onset was more variable in sporadic cases than in familial ones, suggesting that the sporadic cases are not homogeneous. The parental ages of mothers and fathers of SMA patients were both younger than the corresponding parental ages in the general population of Ontario. A test for birth-order effect indicated that later-born children were more likely to be affected than their earlierborn sibs. Both of these phenomena may be due to artificial limitation of family size.
